pain (49 versus 11%, respectively). The most commonly used analgesic was acetaminophen (28%). Opioid analgesics were used daily by 5% of participants. Adjusted for health and demographic factors, pain severity was strongly associated with daily analgesic use (moderate-severe pain compared to very mild pain, adj. OR 7.19, 95% CI 4.02-12.9). Nearly one third of participants (30%) with moderate to severe pain felt they needed a stronger pain medication while 16% of this group were concerned they were using too much pain medication. Conclusion Serious gaps persist in pain management particularly for older adults with the most severe chronic pain. Greater efforts are needed to understand barriers to effective pain management and self-management in the older population.
Introduction
Chronic pain is one of the most common problems in older adults, affecting more than half of elderly people living in the community and more than 80% of those living in nursing homes [1] . Additionally, chronic pain is a primary reason people seek medical treatment, with a cost exceeding half a trillion dollars per year [2] . Nonetheless, chronic pain in older adults is often undertreated [3, 4] . Hence, health care providers face a significant challenge in pain management for elderly people, having to balance pain relief with adverse effects of treatment.
Pharmacological approaches are critically important interventions for pain control as they are often cost effective and some medications are available without a prescription [5] . Generally, the most frequently used class of over-the-counter (OTC) medications among communitydwelling elderly individuals is analgesic medication [6] . As a result, much pain management for chronic musculoskeletal pain in older adults occurs as self-management, possibly contributing to undertreatment of pain in this population. Although older adults with chronic pain may seek healthcare to obtain pain relief, little is known about the relation between pain severity and analgesic use in older adults.
For health care providers, selection of analgesic medications for older adults requires an understanding of agerelated pharmacodynamics and pharmacokinetic changes, and requires taking into account comorbid conditions and other medications including those with and without a prescription [7] . Age-related alterations in drug distribution, excretion, and metabolism may lead to longer durations of action, as well as lower or greater plasma concentrations for many pain medications. These processes may result in increased responsiveness to opioids and other analgesics, with an accompanying increased risk of adverse reactions and drug toxicity [8] . In addition, comorbid conditions such as those that impair gait, balance, or cognitive function, may make analgesic therapy riskier in older patients as compared to their younger counterparts. Furthermore, although opioid analgesic medications provide effective pain management for patients with moderate to severe pain, their use is limited by patients' fear of side effects and addiction [9] . As a result, clinicians are often hesitant to prescribe some analgesic medications to older adults, a factor that also may contribute to underuse of analgesics [10] . The purpose of this study is to gain a better understanding about the association between the use of pharmacologic treatment for pain and pain severity in older adults. In addition, we explored patients' reports of effectiveness of their current treatment regimens.
Methods

Data sources
The MOBILIZE Boston Study (MBS), which stands for "Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly of Boston" is a prospective cohort study of community-living older adults in the Boston area. A detailed description of the methods for the MBS has been published elsewhere [11] . Participants were aged 70 years or older living in urban and suburban communities. The participants were recruited door-to-door during the period from 2005 to 2008 using a random sample of older people listed on city and town registers [12] . Of the 1,616 older adults who agreed to be screened, 765 people were eligible and enrolled. Participants were eligible if they were aged 70 years or older, able to walk 20 feet unaided, could communicate in English, and planned to stay in the Boston area for at least 2 years. Exclusion criteria were: diagnosis of a terminal disease, severe hearing or vision deficits, or moderate to severe cognitive impairment (Mini-Mental State Exam (MMSE) score of less than 18) [13, 14] . The two-part baseline assessment consisted of a 3-h home interview followed within 2 weeks by a 3-h clinic exam conducted at the study clinic of the Institute for Aging Research (IFAR) at Hebrew SeniorLife in Boston [11] .
Sociodemographic and health measures
Sociodemographic characteristics, including age, gender, race, and years of education, were recorded during the baseline home visit. Body mass index (BMI) was assessed from measured weight and height [weight (kg)/height squared (m 2 )]. Chronic conditions including depression, peripheral neuropathy, diabetes, spinal stenosis/disc disease, and osteoarthritis were assessed by self-report and/or in the clinical assessment. Depression was measured using a modification of the 20-item Centers for Epidemiologic Studies Depression (CESD) scale [15] . Semmes-Weinstein monofilament testing was used to assess peripheral neuropathy [16] . Diabetes was assessed using a diabetes algorithm based on self-reported physician's diagnosis, laboratory measures (glucose ≥200 mg/dl or hemoglobin Alc >7%), and use of anti-diabetic medications. Osteoarthritis of the hand and knee was defined using clinical criteria from the American College of Rheumatology (ACR), assessed by experienced nurses who were trained by the study rheumatologist (RS) [17] .
Pain severity
For this study, we analyzed baseline data from 599 participants who reported having pain using the Brief Pain Inventory (BPI) pain severity subscale (BPI severity score >0), which made up 78.3% of all participants [18] . The BPI severity subscale refers to pain "that you have today that you have experienced for more than just a week or two," and the score is based on an average of four items measuring pain at its worst, least, on average, and currently, using a 0-10 numeric rating scale. The BPI has been validated in patients with nonmalignant pain [19, 20] . BPI severity scores were grouped as very mild (BPI <2), mild (BPI 2-3.99), and moderate to severe (BPI ≥4), which approximated tertile groupings. This pain severity classification is associated with poor outcomes including decreased mobility, depression, and falls [21] [22] [23] .
Pain management strategy (analgesic medications)
The 'medication inventory' method was performed during the home interview. Participants were asked to show the containers for all the over-the-counter and prescription medications they had taken in the previous 2 weeks [24] . For each medication, research staff recorded the name, route, dose, strength, and frequency of use. Medication names subsequently were coded using the Iowa Drug Information System ingredient codes [25] . Analgesic drugs were grouped as non-opioid analgesics, opioid analgesics, and aspirin other than the low daily dose of 325 mg or less for cardio-prevention. These drugs include prescription and non-prescription analgesic use. Prescription analgesic drugs consisted of miscellaneous analgesics, antipyretics, opiate partial agonists, opiate agonists, and selected non-steroidal anti-inflammatory drugs (NSAIDs) such as diclofenac. Non-prescription analgesics included aspirin, ibuprofen, acetaminophen, naproxen, etc. [25] . Adjuvant medications included antidepressants, anticonvulsants, and corticosteroids. Psychiatric medications included antidepressants, antipsychotics, and anxiolytic mediations. Each medication was categorized as having been used two or more times daily, once daily, less than once a day, and no use.
Pain relief
During the baseline home visit, participants were asked two questions to assess the level of pain relief in the last week, including (1) "how much relief have pain treatments or medications provided?" and (2) "how long did you have relief from your pain?" The level of pain relief ranged from 0 to 100%, with the score of 100% identifying the highest level of pain relief. The duration of pain relief ranged from 0 h to more than 12 h, with more than 12 h indicating a maximum time for pain relief.
Side effects from pain medications
Researchers assessed perceptions of and side effects from medications used for pain management during the home interview. Participants were asked if they had symptoms such as nausea, drowsiness, constipation, diarrhea, or skin reactions after using pain medications. Total numbers of side effects were categorized into none, single side effect, and multiple side effects. Then, participants were asked: "Do you need a stronger type of pain medication?", "Do you take more of the pain medication than a doctor has prescribed?", and "Are you concerned about taking too much pain medication?"
Statistical analyses
Descriptive statistics (frequency distributions and percentages) were used to describe sociodemographics, clinical characteristics, and prevalence of taking analgesic medications in each pain severity group. Chi-square and Cochran-Mantel-Haenszel tests were used to evaluate group differences. Multivariate logistic regression analysis was performed with daily analgesic use as the dependent variable, and pain severity as the independent variable. Participants with very mild pain comprised the reference group. Model 1 generated odds ratios of the association between pain severity and analgesic use, adjusted for age group, race, education, and gender. Model 2 was additionally adjusted for BMI, peripheral neuropathy, diabetes, spinal stenosis, depression, and osteoarthritis. An alpha level at p < 0.05 was considered statistically significant. All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC).
Results
Of the 765 participants, 599 (78.3%) reported pain and were grouped according to BPI severity ratings, with 35.1% reporting very mild pain (BPI severity score <2), 33.4% reporting mild pain (BPI score 2-3.99), and 31.6% reporting moderate to severe pain (BPI score ≥4). Fewer than one in three (29%) older adults with chronic pain were using analgesic drugs on a daily basis. Participants with moderate to severe pain were more likely to use daily analgesic drugs, which were primarily non-opioid analgesics, than those with very mild pain (47 versus 11%, respectively). Opioid analgesics were used daily by 5% of participants and adjuvant analgesic medications were used daily by 10% of participants overall, with differences observed according to pain severity. Acetaminophen was the most commonly used medication (28%), followed by ibuprofen (10%, see Supplemental Table) . Although the proportion of older adults who were using daily psychiatric medication was somewhat greater among those with more severe pain, these differences were not statistically significant (Table 1) .
When we examined the use of analgesic medication according to pain severity and strata of demographic and health characteristics, differences emerged between groups (Table 2 ). For example, older women were more likely to use daily analgesic medications than older men but the difference did not persist after stratifying by pain severity. In addition, although whites and non-whites had similarly low proportions of daily analgesic use overall, lower proportions of non-whites were using daily analgesic medications within strata of pain severity, though the differences were not statistically significant. Participants who had chronic musculoskeletal conditions, including spinal stenosis/disc disease, peripheral neuropathy, and osteoarthritis of the hands and/or knees were more likely to use a daily analgesic, even after stratifying by pain severity (Table 2) .
After adjusting for age, gender, race, and education (Model 1, Table 3 ), pain severity was strongly significantly associated with daily analgesic use (mild pain, OR 3.43, 95% CI 2.01-5.86 and moderate to severe pain, OR 8.86, 95% CI 5.09-15.4), compared to very mild pain. After further adjustment for BMI and major chronic conditions (Model 2), mild pain and moderate to severe pain remained strongly associated with daily analgesic use as compared to very mild pain (mild pain, OR 3.19, 95% CI 1.84-5.51 and moderate to severe pain, OR 7.19, 95% CI 4.02-12.9). In addition, persons with spinal stenosis/disc disease or osteoarthritis were more likely to use daily analgesics even after adjusting for covariates including pain severity (Table 3) .
In terms of pain relief, older adults with moderate to severe pain reported less relief overall from pain medications and treatments and a shorter duration of relief from medications compared to those with less pain. For example, more than 60% of persons with moderate to severe pain reported their pain relief lasted only 4 h or less compared to about 30% of those reporting very mild pain (Fig. 1a, b) .
Overall, three out of four participants (74%) with chronic pain reported ever using medications to manage their pain (Table 4) . Nearly one third of participants (30%) with moderate to severe pain felt they needed stronger pain medication compared to 3.5% of those with very mild pain. Only 7% of those with moderate to severe pain felt they needed more medication than was prescribed for their pain, although most reported not using prescription pain medication. About 15% of those with moderate to severe pain were concerned they were using too much pain medication. Only 6% reported having one or more side effects related to use of pharmacologic pain treatments, but those with moderate to severe pain were more likely to report side effects (Table 4) . Among the small number of participants reporting side effects, the most common were reports of feeling tired/sleepy (68%), constipation (46%), and nausea/vomiting (42.3%).
Discussion
This is one of the first studies to investigate the use of analgesic medication according to pain severity in an older population with chronic pain. Only half of those who rated their pain as moderate to severe reported using analgesics on a daily basis. Overall, the results support our hypothesis that many participants with moderate to severe pain were not using analgesics. However, those with more severe pain were more likely to use daily analgesics than those with less severe pain. We did not find disparities in use of analgesics according to sociodemographic characteristics after accounting for pain severity. These findings demonstrate the need for better pain management among older adults, particularly those with more severe chronic pain. Currently, the American Geriatric Society (AGS) states that pharmacologic treatment is the most common therapy to control pain condition in older people. It recommends that older adults regularly use analgesic medications to maximize pain relief [5] . Our study found that 29% of older adults with any chronic pain, and 49% of those with moderate to severe pain used daily analgesic medication. In addition, older women were more likely to use daily analgesic medications than older men. Pokela et al. also reported that around 45% of community dwelling older adults aged ≥75 years used ≥1 analgesic drug on a daily or an as-needed basis [26] . They found that number of factors were associated with use of analgesics in community-dwelling people aged 75 years and older, including being female, living alone, using ≥10 non-analgesic medications, and having poor self-rated health [26] . It has also been noted that women have greater pain sensitivity than men, and they report more pain symptoms and seek medical treatment for pain more often than men [27, 28] . When we examined analgesic use according to pain severity categories, we found modest differences according to the presence of chronic conditions. Specifically, participants who had peripheral neuropathy, spinal stenosis or disc disease, and osteoarthritis were more likely to use analgesic medications than their counterparts without these conditions who reported similar pain severity. The findings suggest that there are other characteristics of pain that may lead to greater use of analgesics, for example, pain distribution or pain quality. A recent study from the MOBILIZE Boston cohort showed that participants reporting neuropathic pain qualities not only reported more severe pain but also more pain interference and more multisite pain [29] . In addition, persons who experience chronic pain related to diagnosed chronic conditions may see health care providers more often for pain management, and may be more likely to be prescribed medications for pain symptoms. Analgesic medications that are commonly used among older adults include acetaminophen and other non-opioid analgesics [7, 9, 30] . Acetaminophen is considered the first choice for older adults having mild to moderate pain in part because it is not associated with significant gastrointestinal, renal, or cardiovascular effects associated with use of other analgesic medications [5, 30] . However, it should be used with caution in elderly people with liver disease, and patients that have a history of alcoholism [26] . If acetaminophen is ineffective, it is suggested to cautiously use nonsteroidal anti-inflammatory agents (NSAIDs) and only for short periods [5, 9, 30, 31] . In our study, 28% were using acetaminophen and about 1 in 5 participants reported using NSAIDs. A Dutch study by Enthoven et al. reported that 72% of elderly people with low back pain were using analgesic medication. NSAIDs (57%) were more often used than acetaminophen (49%) among these primary care patients aged 55 and older [32] . Nonetheless, NSAIDs have been associated with increased hospitalization for renal and gastrointestinal adverse effects, such as hemorrhages, perforations, and peptic ulcers [33, 34] . In addition, a review study has noted increased risk of cardiovascular events Very mild pain (n=121)
Mild pain(n=132)
Moderate to severe pain (n=155) with NSAID use, a finding that may be of particular relevance to older individuals [35] . Therefore, clinicians need to be aware of serious adverse effects of NSAIDs among older adults who report persistent pain symptoms. Current guidelines for managing chronic pain also suggest that healthcare providers consider opioid therapy for older adults who continue to report moderate to severe pain or experience pain-related functional impairment despite non-opioid therapy [5] . Opioids, considered the most potent pain relievers, have been found to relieve pain in the short term [31] . Most opioid trials have not extended beyond 6 weeks, thus the findings are not relevant for longterm opioid use [36] . Use of opioids can lead to increased risk of falls and fractures especially in older adults [37, 38] . Older adults with arthritis who initiate therapy with higher opioid doses or those that are short-acting are more likely to report fracture than older adults who took NSAIDs [39] . Studies of fall outcomes in persons using opioids and other analgesic medications may be limited in part related to confounding by indication, or inadequate adjustment for pain characteristics known to be associated with falls in older adults [21] . Clinicians are already cautious to prescribe opioid therapy for older adults with chronic pain; this is reflected in the low use of opioid analgesics in our study (5% of all participants).
A contributor to the lack of consistent adherence to the current guidelines, in other words, the low prevalence of regular analgesic use among older adults who have chronic pain may be explained by the concerns of elderly people, their families, and their physicians regarding side effects or adverse drug reactions. The results of this study showed that a relatively small subset (15%) of those with moderate to severe pain were concerned that they were using too much pain medication and only 6% of participants who reported ever using medication to manage their pain reported having one or more side effects related to the use of pharmacologic pain treatments. It is well known that older adults are susceptible to adverse drug reactions (ADRs) related to non-prescription and prescription analgesics [40] . However, our results do not suggest that side effects were a substantial issue in our population.
Another reason that analgesic use among older adults in our study was limited may be because some analgesic medications are ineffective in treating people with moderate to severe pain [5, 9, 30, 31] . Our results show that most older adults with moderate to severe pain reported no more than moderate levels of pain relief (41-70%) from their medications and treatments. This is consistent with other reports that chronic pain often does not completely respond to medical treatments [5, 9] . Although there are various types of analgesic treatments available, no analgesic, whether taken as monotherapy or in combination with other pain medications, is optimal for all patients [5, 9] . Hence, the AGS panel recommends that pain management in older adult should include both pharmacologic (PS) and non-pharmacologic strategies (NPS) [5] . Use of complementary and alternative medicine (CAM) is becoming increasingly prevalent and acceptable in older populations [41] . Older adults use CAM therapies quite frequently, with 30-100% of this age group choosing these options [41, 42] . Previous data from the Mobilize Boston Study showed that more than one third used both pharmacological strategies (PS) and nonpharmacological strategies (NPS) [4] . In fact, participants reported using NPS more frequently than PS, with 68% reporting using NPS and 49% using PS, with a substantial overlap [4] . Therefore, multimodal treatment approaches involving both pharmacological and nonpharmacological pain therapies could be the most effective in managing persistent pain in older populations. There are some limitations in this study. Firstly, it is possible that some reported analgesic may have been used for treating acute pain that was not assessed in the Mobilize Boston Study. Secondly, we studied the relationship between analgesic use and chronic pain in the shortterm period, the previous 2 weeks. The cross-sectional study design meant that we could not determine changes in patterns of analgesic use and whether participants had switched to other drugs or stopped using analgesics. In addition, we did not know whether the medications were obtained by prescription or taken as a self-treatment. Thirdly, in answering the questions about perceptions and side effects of medications used for pain management, participants may not have considered that psychiatric medications such as antidepressants may have some impact on pain management. As a result, participants may not have recognized these effects. Lastly, this study included only those who could communicate in English living in the Boston area. This study should be replicated in other populations, including other ethnic and cultural groups.
It is important to note the strengths of this study. The Mobilize Boston Study is a population-based cohort study that had rigorous methods for enrolling older populations in the Boston area. As such, the findings are generalizable to the English-speaking population of older adults without moderate or severe cognitive impairment living in the community in the greater Boston area, and possibly other large metropolitan communities. The Mobilize Boston Study used objective measures, self-report information, and clinical assessments conducted by trained research staff. Moreover, this study had a large sample size drawn from diverse urban and suburban communities.
Conclusion
Many older adults with moderate to severe pain are not using analgesic medications in ways that are consistent with current geriatric guidelines for pain management. Undertreatment of chronic pain in older adults continues to be a common concern, placing older adults at risk for serious consequences. It would be helpful to know whether recent years have brought any improvements in pain management in older adults. Additional research is needed to understand the barriers to effective pain management and self-management in older adults with chronic pain. Future studies should examine barriers to effective pharmacological management of chronic pain in older adults such as lack of adherence, lack of understanding of effective pain self-management strategies, and fears of adverse effects of medications. Lastly, future studies could identify how pharmacological pain management strategies could be related to longitudinal outcomes such as hospitalization, physical disability, falls, emergency visits, and mortality.
